Scenedesmus sp. MB 23 was cultivated in fish silage to study the effects of different concentrations on the growth and biochemical characteristics, particularly the protein, carbohydrate and lipid properties. Fish silage with 12% concentration was most effective for the growth and biomass production of Scenedesmus sp. The microalga reached maximum cell density (2433.89 Â 10 4 cells/mL), chlorophyll-a concentration (2.766 mg/mL), specific growth rate (0.48/d) and biomass (2.73 g/L) on this medium. In mass culture, enhanced production of protein (123.87 mg/g dry weight of alga), carbohydrate (44.904 mg/g dry weight of alga) and lipid (84.21 mg/g dry weight of alga) was found using 9% fish silage. The effective reduction (up to 90%) in the concentrations of nitrate, phosphorus and ammonia in the final fish silage medium proved the removal efficiency of Scenedesmus sp. The enhanced production of Scenedesmus sp. MB 23 indicated that effective bioremediation of fish waste can be conducted using algal mass production in fish silage. The study also proved that microalgae grown in fish silage have great industrial potential and can be used as a source of feed and biofuel.
Introduction
Microalgae are the unicellular or simple multicellular microorganisms, with a higher ability to fix CO 2 than that of terrestrial plants and with higher biomass production compared to energy crops (Wang et al., 2008) . In recent years, algal production has achieved much global attention due to its features such as potential growth, the formation of large amounts of biomass, not requiring arable land, high oil accumulation and feasible CO 2 sequestration, (Greenwell et al., 2010; Quinn and Davis, 2015; Ullah et al., 2015) . Algal cultures have been developed as a promising sustainable source for various materials and high value products such as aquaculture feeds, human food supplements, pharmaceuticals and biofuels (Ruiz et al., 2016) .
Scenedesmus sp. is the most widely used microalga in many research studies for industrial application as it is relatively easy to grow in culture and has the ability to survive extreme environments (Awasthi and Rai, 2006; Ravindran et al., 2016) . It contains all the essential amino acids and good amounts of protein, lipid and macro and microelements (Cheban et al., 2015) . Scenedesmus has been suggested as one of the most promising microalgae for biodiesel production because of its high lipid content (19.6e21.1%, dry weight biomass), productivity (40.8e53.9 mg/L/day), and high total fatty acid content (22.29 mg/g dry weight biomass) based on various reports (Mata et al., 2010; Jena et al., 2012; Prabhakaran and Ravindran, 2012) .
Scenedesmus is one of the most efficiently growing algae in wastewater-derived substrates (Bohutskyi et al., 2015) . Its ability to remove pollutants, such as inorganic salts of nitrogen and phosphorus and organic materials from waste water has revealed possibilities of using the alga in wastewater treatment plants (Makareviciene et al., 2011) . Studies have suggested that the technologies used in the wastewater treatment sector can be used as effective solutions for the harvesting problems in biofuel production (Liam and Philip, 2010; Sahay and Braganza, 2016) .
Previous studies have focused on culture of Scenedesmus in swine urine (Kim et al., 2007) , carpet mill effluents (Chinnasamy et al., 2010) , farm yard manure (Arumugam et al., 2011) , landfill leachate (Edmundson and Wilkie, 2013) , hydrolysate from crop residues (Sibi, 2015) and inorganic fertilizer (Nayak et al., 2016) . These studies were mainly focused on enhancing the biomass production and biochemical characteristics such as the content of lipid, protein and various secondary metabolites. Some studies have also checked the capacity of Scenedesmus to remove inorganic nutrients and the accumulation of lipid from the wastewater (Makareviciene et al., 2011; Zhen-Feng et al., 2011; Hena et al., 2015) .
Fish silage is a liquid product made from whole fish or parts of fish. It is liquefied by the action of fish enzymes in the presence of added formic acid which helps to prevent bacterial spoilage and is an excellent protein source having high biological activity and can be made from spoiled fish or commercial fish waste (Vidotti et al., 2003; Ghaly et al., 2013) . The objective of the current study was to determine whether a new mediumdfish silagedcould enhance the growth and quality of microalga, Scenedesmus sp. MB 23, and alter the biochemical composition. Furthermore, the nutrient removal efficiency of Scenedesmus sp. from fish silage which is rich in inorganic nitrogen and phosphorus was investigated.
Methods

Culture conditions
Culture of Scenedesmus sp. MB 23 was used for the study that had been maintained in the Marine Botany Laboratory, Cochin University of Science and Technology, India. The microalga grown in Walne's medium (Walne, 1970) was used for the maintenance and cultivation. The algal strain was cultured in 500 mL media in 1 L Erlenmeyer flasks at room temperature (28e30 C) with a light:-dark period of 12:12 h, with a light intensity of 21 mmol photons/ m 2 /s. The cultures were shaken twice a day to avoid sticking.
Optimisation of culture conditions
Various culture conditionsdmedia, salinity, pH, light and temperaturedwere optimized before culturing in fish silage medium. For each study, 10% inoculum containing 300 ± 20.16 Â 10 4 cells/mL was added to 100 mL media in 250 mL Erlenmeyer flasks. Triplicates were kept for each parameter. Growth was calculated by the estimation of chlorophyll-a using the method of Strickland and Parsons (1972) . The influence of four different culture mediadWalne's medium, BG 11 medium, Chu #10 medium and f/2 mediumdwas studied on the growth rate of Scenedesmus sp.. The compositions of the different media are given in Table 1 . A range in the salinity from 0 to 10 was chosen to determine the optimum salinity for growth and tolerance. Salinity was adjusted by adding sea water to fresh water and checked by using a salinometer (model 3G; Digi Auto; Yokinawa, Japan). The effect of pH (5e12) on the culture media was studied, with the pH adjusted by the addition of 1 N HCl and 1 N NaOH and checked using a portable pH meter with an accuracy of accuracy ± 0.01. To optimize the light intensity, the alga was cultured under three different light intensities (21 mmol photons/ m 2 /s, 39 mmol photons/m 2 /s and 50.4 mmol photons/m 2 /s). The light intensity was measured using a light meter (DT-1330; METRAVI; Calcutta, India) with a range of 200e50,000 lux and illumination was provided by standard, cool-white, fluorescent lamps. Different ranges of temperature (20e22 C, 24e26 C and 28e30 C) were studied to determine the maximum growth of Scenedesmus sp.
Collection and preparation of fish silage media
Fish silage is a common organic manure available along the Kerala coast, India and is produced from fish waste. The soluble nutrients in fish silage are given in Table 2 . The fish silage used in this study was obtained from The 'Jaivashree' activity group, Pallipuram Panchayath, Ernakulam, Kerala, India. Suitable amounts of fish silage were weighed and diluted in sterile water to obtain the stock solution. The media were sterilized in an autoclave at 121 C for 20 min and cooled to room temperature prior to use. The fish silage stock solution was diluted with sterilized fresh water to give 3%, 6%, 9%, 12%, 15% and 18% fish silage media. Walne's medium (Walne, 1970) was kept as the control medium to compare the growth and biochemical characteristics. All cultivations were done in 250 mL Erlenmeyer flasks at room temperature and placed under white fluorescent light (light intensity of 36 mmol photons/m 2 /s) with a light:dark cycle of 12:12 h. An amount of 10% inoculum containing 300.4 Â 10 4 cells/mL was added to 100 mL of media.
Triplicate cultures were prepared for every medium. For mass culture, 12 L fibre tanks were filled with 10 L of media and were inoculated with 10% inoculum containing 301.9 Â 10 4 cells/ mL. The culture was maintained under room temperature and illuminated with a light intensity of 39 mmol photons/m 2 /s provided by standard, cool-white, fluorescent lamps for a light:dark period of 16:8 h. The culture tanks were aerated using an electric aerator fitted with an air filter to avoid contamination.
Analytical methods
The growth was calculated by the estimation of chlorophyll-a (Strickland and Parsons, 1972) , and the cell concentration of each sample was measured by counting the cell number every third day. The biomass content in 100 mL cultures was calculated at the end of cultivation. After 30 d of cultivation, nitrate (NO 3 eN) was estimated using the resorcinol method (Zhang and Fischer, 2006) , nitrite (NO 2 eN), phosphorous (PO 4 eP) using the method of Strickland and Parsons (1972) and ammonia (NH 3 eN) using the method of Emmet (1968) . For the analysis of various biochemical factors such as protein, carbohydrate and lipid, 100 mL algal sample from each concentration of mass-cultured alga was centrifuged at 10,000 rpm for 10 min at 4 C. The residue was again centrifuged with distilled water and the content was filtered through 1 mm pore size GF/F filter paper. The total protein of the sample was analyzed using Lowry's method (Lowry et al., 1951) , total carbohydrate was estimated using the phenol sulfuric acid method (Dubois et al., 1956) and lipid was estimated using the modified Barnes and Blackstock (1973) method. Algal growth was expressed in terms of the specific growth rate in microns/day which was calculated from increase of active chlorophyll per unit time as per the modified method of Pirt (1975) and shown in Equation (1):
where N 0 and N 1 are the quantitative expression of the active chlorophyll of cells at the beginning (t 0 ) and the end (t 1 ) of the selected time interval during incubation.
Statistical analysis
The software programs Excel (version 2013; Microsoft; Redmond WA, USA), and IBM SPSS (version 22.0; IBM Corp.; Armonk, NY, USA) were used to analyze the results obtained from various studies and for testing the presence of significant differences (p > 0.05) among different parameters.
Results and discussion
Optimal conditions for the growth of Scenedesmus sp. MB 23
The maximum growth rate (0.208/d) of Scenedesmus was obtained in the Walne's medium with maximum chlorophyll-a. Even though Walne's was a marine culture medium, it had a higher growth rate over BG 11 (the common freshwater medium) perhaps because of the high nitrate content (Fig. 1A) . Scenedesmus sp. showed good salinity tolerance from 0 to 8 parts per trillion (ppt) but the maximum chlorophyll-a concentration and specific growth rate (0.260/d) was obtained at 0 ppt salinity (Fig. 1B) . Studies by Makareviciene et al. (2011) and Kaewkannetra (2012) have reported the salt tolerance of Scenedesmus and they observed a decreased biomass with increased salinity.
A pH level of 7e10 was found to be good for cell growth and chlorophyll-a concentration. However, the maximum specific growth rate (0.309/d) was obtained at pH 10 (Fig. 1C) . It has been reported that Scenedesmus sp. can grow well at different pH levels due to some physiological metabolism by which the alga can adjust the pH value to achieve proper growth (Xiao et al., 2011) . In the optimization of light intensity, it was observed that the algal specific growth rate (0.282757/d) was highest at 39 mmol photons/m 2 /s (Fig. 1D) . At a lower intensity of light, (21 mmol photons/m 2 /s) the lag phase was delayed and at a higher intensity (50.4 mmol photons/ m 2 /s), the alga attained an early lag phase but the growth and cell size were comparatively low. An increase in the light intensity can lead to photo-oxidation which leads to decreased photosynthesis and productivity (Richmond, 2004) . Statistical analysis showed that there were no significant differences in the growth of Scenedesmus sp. MB 23 under different temperature ranges but the maximum specific growth rate (0.1895/ d) was by cells grown in 24e26 C (Fig. 1E) . Xin et al. (2011) obtained similar results in a study conducted on Scenedesmus sp. LX1.
Growth rates of Scenedesmus sp. MB 23 in fish silage medium
In recent years, the biofuel production from algal biomass commercially cultivated in inorganic fertilizers, by-products of anaerobic digestion, artificial drainage waters, manure containing a high nutrient content (such as pig and poultry manures) has gained wide attention (Fenton, 2012) . The current study used a novel approach to cultivate Scenedesmus sp. in fish silage to attempt to use this as a medium for micro-algal cultivation. The growth of Scenedesmus sp. in different concentrations of fish silage media (3%, 6%, 9%, 12%, 15%, 18%) was checked against Walne's medium as the control.
In 100 mL cultures, the cell density (2433.89 Â 10 4 /mL) was found to be higher in media with 12% fish silage concentration ( Fig. 2A) . At 3% and 6% fish silage concentrations, cell numbers were less than in the Walne's medium and the least cell density was observed in the 18% fish silage medium. The maximum chlorophylla concentration (2.766 mg/mL) was obtained in 12% fish silage medium on day 9 (Fig. 2B) . The highest two specific growth rates were observed in 12% (0.48/d) and 9% (0.46/d) silage which were comparatively higher than that obtained using Walne's media (0.31/d). The 3% silage medium (0.28/d) and 15% silage medium (0.23/d) had lower growth rates, but with 6%, the rate was almost the same as the growth in Walne's medium (Fig. 2C) . The results proved that a lower concentration of fish silage was well suited to culturing Scenedesmus, and at higher concentrations of silage, the alga was killed, perhaps due to the color development which resisted light penetration and thus photosynthesis was inhibited (Hena et al., 2015) . The biomass after 30 d cultivation showed a sevenfold increase in the 12% concentration (2.73 g/L), but there was only a threefold increase (1.33 g/L) in Walne's medium, (Fig. 2D) . It was noted that the cultures remained active for a period of 4 mth without any subculturing.
In large-scale culture (Fig. 3AeC) , 3% silage concentration and Walne's medium had similar growth, but growth was lagged in the 6% and 9% concentrations. In the 12%, 15% and 18% concentrations of fish silage, there was no growth until day 9. However, the cell density increased on day 12 as the alga became acclimatized to the high silage concentrations. After day 15, the Scenedesmus sp. in the 9% fish silage had a higher chlorophyll-a content (1.540 mg/mL) than in the control medium (Fig. 3B) . The cell count was also higher in the 9% silage medium (494.893 Â 10 4 cells/mL). Then after 15 d of cultivation, it was noted that there was an increase in the growth of the alga with the higher silage concentration. Statistical analysis showed that there was a significant difference in the growth of Scenedesmus sp. at the different concentrations of fish silage media compared to the Walne's medium. The variation in the results compared to those in 100 mL cultures might have been be due to settling of sediments at the higher fish silage concentrations when used in large scale cultivation. Thus, a pre-fermentation treatment could be effective to synchronize the growth at various concentrations (Kim et al., 2007) . The specific growth rate varied from 0.30/d to 0.48/d at different fish silage concentrations (Fig. 2C) , which was found to be higher than that reported by Nayak et al. (2016) in inorganic fertilizer media, while Zhou et al. (2011) reported a higher growth rate (0.498/d) for Scenedesmus in municipal wastewater. The final biomass obtained using fish silage was comparatively greater than all the other findings. The 12% fish silage, had a sixfold increase (2.73 g/L) in the initial biomass (0.4 g/L) compared to the control (1.13 g/L). Mandal and Mallick (2011) reported biomass levels of 2.0, 2.2 and 2.3 g/L from cultivating in N-11 medium supplemented with fishpond discharge, municipal tank discharge and poultry litter, respectively. Kim et al. (2007) reported that the optimal growth period of Scenedesmus for commercial cultivation was approximately 40 d. In the 100 mL cultures, it was observed that the cells grown in the control medium (Walne's medium) changed color to yellow after 2 mth while the cells at all concentrations of fish silage were active for more than 4 mth. These results were similar to those from the study by Kim et al. (2007) , where the cells grown in a newly introduced swine urine medium (KEP1 medium) retained a green color for about 5 mth.
Nutrient removal in the culture media
The current study may have been the first attempt to address the possible industrial application of fish silage as a culture medium and thereby reducing the negative effects of fish waste causing eutrophication. The concentrations of different nutrients such as nitrate, nitrite, ammonia and phosphate were analyzed in the media before and after the growth of alga, to test the ability of the alga to absorb and accumulate these nutrients in the cell. Since fish silage is composed of fish waste, the medium is rich in nutrients. The percentage of nutrients decreased considerably after 30 d of growth (Fig. 4A and B) . The level of nitrate was significantly reduced in all media. However, the level of nitrite increased in the 3% and 18% media. Ammonia was found to be present in high concentrations in all the silage media. Nonetheless, after 30 d of algal growth, the level of ammonia had significantly decreased at all concentrations except for the 18% and 15% fish silage.
The level of phosphorus also showed a reduction, but in the 18% and 3% concentrations the reduction was not significant (a decrease from 2.21% to 1.73% at the 3% silage concentration and from 3.38% to 2.84% at the 18% silage concentration). The nitrate, phosphorus and ammonia concentrations in the fish silage were effectively reduced (up to 90%) in the final medium when compared with the initial medium composition. Makareviciene et al. (2011); Hena et al. (2015) and Gupta et al. (2016) also reported the same trends. However, in the present study, a significant increase was noted in the percentage of nitrite and this could have been due to the conversion of ammonia to nitrite and this nitrite could not be effectively converted to nitrate by the alga since nitrate was readily available. The results agreed with the findings of Park et al. (2010) , that Scenedesmus does not differentiate between ammonium and nitrate as a nitrogen source, so the alga can be effectively utilized for treatment of ammonia-rich wastewater.
The initial and final pH levels increased from 6.7 to 9.7. Jena et al. (2012) reported that the pH increased from an initial value of 6.8e11.5 due to the utilization of CO 2 which led to the accumulation of free OH À ions in Scenedesmus sp. An elevated pH level can also enhance the removal of ammonia by volatilization and of phosphate by precipitation (Garcia et al., 2000; Craggs, 2005) . Xin et al. (2010) also reported that in a pH above 7 Scenedesmus sp. grew faster with ammonium as a nitrogen source than with urea or nitrate.
Biochemical enhancement in fish silage
The biochemical analysis in the large scale cultivation of Scenedesmus sp. that was done every 2 d showed that there were no significant differences in the biochemical composition of cells grown in Walne's media and at lower fish silage concentrations. However, significant differences were observed in the biochemical composition between higher and lower fish silage concentrations. The 9% fish silage had the highest protein concentration (123.87 mg/ g) and the highest carbohydrate concentration (44.43 mg/g) on day 14 of culture ( Fig. 5A and B) . The control medium and lower concentrations of fish silage (3%, 6%) produced higher concentrations of protein in the log phase and lower concentrations in the stationary phase but the carbohydrate level was lower in the log phase and higher in the stationary phase. Cheban et al. (2015) reported 23% total protein in recirculating aquaculture system wastewater and Zuliani et al. (2016) reported 31.1% in sewage sludge.
The total lipids in the log and stationary phases did not vary much in Walne's medium and in 3% fish silage. However, in the 6% and 9% silage concentrations, the highest lipid contents (84.00 mg/ g and 84.21 mg/g, respectively) were observed on day 14 (Fig. 5C ). The lipid content at higher concentrations of silage increased from day 12 onward. Despite the lower growth rate at these concentrations, the algal lipid content was higher, perhaps because of the presence of large-sized single cells of Scenedesmus in these media. Minhas et al. (2016) reported that high physiological stress led to high lipid accumulation. Many scientists have reported the lipid productivity of Scenedesmus when cultured in wastewater. For example, Sacristan de Alva et al. (2013) reported lipid accumulation of 280 mg/L when S. acutus was cultured in treated wastewater, while Gupta et al. (2016) reported 23.26 ± 3.95% weight per weight of lipid in wastewater and Nayak et al. (2016) obtained 28.55% lipid accumulation in inorganic fertilizer medium. Even though the current study was conducted for only 15 d, a high yield of lipid was produced, which would definitely increase during further cultivation. This proves fish silage as a promising medium to grow Scenedesmus for high lipid production.
The study attempted to utilize a low cost but nutritionally rich culture medium and to enhance the biochemical characteristics of Scenedesmus sp. MB 23. The study introduced fish silage as an efficient culturing medium for microalgal cultivation with a high biomass, chlorophyll-a content, cell number and specific growth rate. The culture was maintained for many months in fish silage without any addition of culturing medium and enhanced the biochemical properties of the alga, including the lipid content (296.62 mg/g dry weight of alga), which suggested fish silage as a low-cost medium for biofuel production. As silage is composed of fish waste, the media could ameliorate environmental damage through cultivating Scenedesmus sp., (the most popular alga in the phyco remediation process). The enhanced production of algal biomass in the current study indicated that the alga grown in fish silage has great industrial potential and can be used as a source of feed and biofuel.
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